Discontinuities as a crucial aspect of economic systems have been discussed both verbally -particularly in institutionalist theory -and formally, chiefly using catastrophe theory. Catastrophe theory has, however, been criticized heavily for lacking micro-foundations and has mainly fallen out of use in economics and social sciences. The present paper proposes a simple catastrophe theory model of technological change with network externalities and reevaluates the value of such a model by adding an agent-based micro layer.
Introduction
catastrophe is allowed to happen.
44
While the present work investigates merely an aspect out of a large pos-45 sibility space, it encourages further research using agent-based catastrophe 46 theory models especially of economic aspects to which catastrophe theory 47 has previously successfully been applied; aspects such as technological and 48 institutional change, economic crises, or industry structure.
49
In section 2, a more detailed overview of the literature on both network 50 externalities and catastrophe theory in economic systems will be given. 
Here, two simple fixed points (only the second one stable) can be found
But so far, the system does not involve catastrophic transitions. It is well 118 known that the bifurcations become supercritical (see figure 1) use such a term to model network effects (and network externalities). The equilibrium set of this model is identical to one given by a polynomial of order S 4 (and without negative powers of S) which they then reduce to cubic order by dividing by S to develop it into the classical cusp model using the Tschirnhaus transformation in much the same way as outlined below.
Since it is the fixed points, the stability and potential catastrophic change 130 that is under investigation here, the equilibrium set (i.e. of primary interest in this system. The equilibrium set is
Using a Tschirnhaus transformation = 0. The bifurcation set therefore contains all points on the equilibrium surface that are marginally stable, indicating that the system's stability properties change in the vicinity of the set (or rather at this very point) in the control space (i.e. the z-β-plane.)
more conveniently written (with S eliminated) as β = 0 and 4z 2 = 27β.
143
The system is shown in figures 1 (transition for changing β), 2 (bifurcation 
168
It is nevertheless obvious, that this is too simple a model to capture in-
169
teractive usage decisions and other socio-economic system processes relevant 170 to network technologies. It certainly can serve for identifying a potential key 171 mechanism that may arise in and be relevant to the economics of innovation 172 and technology. However, it must now be shown that the effect is preserved 173 in systems which take the micro-layer into account, i.e. agent-based models.
174
In that case, not only the network externality and the technology diffusion Equilibrium surface of the model including cusp area with three equilibrium surface points for every point in control space. Note that though the lower equilibrium surface is below zero, negative network sizes S are not allowed and the equilibrium is instead at S = 0. Also note that other than in figures 6 through 10, the vertical axis is absolute network sizes S. 
or to leave the network (if she currently is a subscriber).
Three network structures are considered besides the complete network The min and max operations guarantee that the resulting probability is between 0 and 1, if ̺ already falls into these limits, the probabilities are more conveniently written as ̺ and 1 − ̺.
ability proportional to their current degree, i.e. well connected nodes have a much higher probability to gain even more connections (hence, have been made to the generating process) by low clustering coefficient.
222
The former (small diameter) is also realistic for networks observed in 223 reality (e.g. in networks among firms) while the latter (low clustering 224 6 Dunbar [11] for instance proposed a number of around 300. There are some models that nevertheless propose using Barabási-Albert networks as a model of social networks, e.g. [4] -the argument of networks among social groups (as opposed to within social groups) may be relevant to this discussion. 7 This has been suggested directly in some models [6, 26], but since both the size of firms (profits, capital, number of employees) and the degrees of the internet (but also the sizes of urban centers and many other quantities related to network technologies in one way or another) are known to be power law distributed [17, 13] , this is generally a plausible assumption related to other stylized facts.
8 The diameter of a network is the longest distance (shortest path) between two nodes in the network. A small diameter compared to the size of the network (number of nodes) this means that the network are relatively well-connected, more specifically having Watts and Strogatz' small world property [30] (or having a huge number of links compared to the number of nodes, thus being a complete or almost complete network as this would also lead to a small diameter).
coefficient) is not as networks between firms, organizations, but also
225 between individuals are generally highly clustered. These two properties (and the conjunction of these two properties) in social networks has received particular attention in the small-world network literature [30] ; for an extensive overview, see [22] . 10 The betweenness centrailty of a node i is the share of shortest path sp j,k in the network between any two nodes (j and k) of which it is part (denoted sp j,k (i)) In fact, the distributions of the node's betweenness centrality seem to decay according to a power law for the preferential attachment network and the preferential attachment network with triadic closure, but with different tail slopes.
12 Note that this module uses a breadth-first search algorithm to obtain a single shortest path between any two nodes. As in regular grids there are always many equally short paths, one is selected randomly, therefore the computed betweenness centralities differ slighly between the nodes; the correct result would be a constant and equal value for all nodes. user base as the only variable, the characteristics of the model depend on 316 two control variables, the total population size (capacity boundary) and the 317 periodic fixed costs of using the technology.
318
The model follows a simple but generalizable layout that includes a pop- 
